Two new isocoumarin derivatives, 6,8-dihydroxy-7-methyl-1-oxo-1H-isochromene-3-carboxylic acid (1) and 6,8-dihydroxy-3-methoxy-3,7-dimethylisochroman-1-one (2), together with five known compounds (3-7), were isolated from the endophytic fungus Pestalotiopsis coffeae derived from the Chinese plant fishtail palm. The structures of these compounds were determined mainly by analysis of their NMR spectroscopic data. The structure of compound 2 was further confirmed by X-ray diffraction.
The plant endophytic fungi, an outstanding source of small molecules [1] , is a kind of microorganism which spend their whole or part life cycle inhabiting the normal tissues of host plants without causing apparent sick symptoms [2] [3] [4] [5] . Fungal endophytes were isolated from tissue of numerous species, such as land plants and marine algae [6] . Although fungal chemistry has been widely studied, ecological niche groups have not been found [7] . Pestalotiopsis species attracting special attention are widely distributed in the world, which produce numerous structurally unusual secondary metabolites [8] [9] [10] . So far, four ambuic acid derivatives have been reported in the endophytic fungus Pestalotiopsis coffeae [11] . As a systematic chemical investigation of secondary metabolites of P. coffeae, two new isocoumarin derivatives (1-2), along with five known compounds (3-7) [12, 13] , were isolated by chromatographic methods. This paper describes the isolation and structure elucidation of these compounds.
Compound 1, yellow gum, and its molecular formula as C 11 H 8 O 6 was deduced on the basis of a positive HR-EIS-MS [M+H] + m/z 237.0397, requiring 8 indices of hydrogen deficiency. The IR spectrum exhibited absorption bands at 3393, 3189, 1646, and 1469 cm −1 for representing the hydroxyl groups, carbonyl and the aromatic ring, respectively. The 1 H-and 13 C-NMR data (Table 1) and HSQC displayed signals for a methyl (δ H 2.01, H 3 -10; δ C 6.8), a olefinic methine (δ H 7.24, H-4; δ C 112.3), and a meta aromatic proton (δ H 6.44, H-5; δ C 103.9) indicating that 1 possessed a pentasubstituted benzoyl unit, identical to that of the compound 3, except for a carboxyl in 1 instead of a hydroxymethyl in 3 which was supported by the HMBC correlations from H-4 to C-9. Thus, based on above analysis, compound 2 was determined to be 6,8-dihydroxy-7-methyl-1-oxo-1H-isochromene-3-carboxylic acid.
Compound 2, yellow crystal, was determined to be C 12 H 14 O 5 on the basis of HR-ESI-MS [M+H] + m/z 239.0919. The IR spectrum exhibited absorption bands similar to those of 1. Compound 2 showed close analogy to the mellein type of isocoumarins and had a methyl group on the aromatic ring as 1. The 1 H-and 13 C-NMR (Table 1) and HMBC data ( Figure 2 ) of 2 were similar to that of [14] , suggesting that 2 possessed the same isocoumarin skeleton as the known compound. The key differences between 2 and product 4 were that the methyl group at C-5 in product 4 was replaced by attaching to C-7 in 2 which was deduced from the HMBC correlations from H 3 -10 to C-6 and C-8, and the methoxy group in 2 instead of the hydroxyl in product 4 supported by HMBC correlation (Figure 2 (δ C 106.1), and H-5 to C-4 (δ C 37.7), and a nuclear Overhauser effect spectroscopy between H-4 and H-5 in NOESY further confirmed the structure of compound 2 as shown in Figure 1 . In addition, the relative configuration of 2 was determined by singlecrystal X-ray diffraction. Thus, compound 2 was determined to be 6,8-dihydroxy-3-methoxy-3,7-dimethylisochroman-1-one. The known compounds, (6) and (S)-5,7-dihydroxy-3-((S)-1-hydroxyethyl) -6-methylisobenzofuran-1(3H)-one (7) had been identified by comparison with those reported data.
Experimental
General experimental procedures: MS, Bruker Apex-Ultra 7.0 T spectrometer; NMR, Bruker AVANCE III 600 MHz Digital NMR Spectrometer; UV, UV-210 spectrometer (Kyoto, Japan). Column chromatography (CC) was performed with silica gel (200-300 mesh; Jiangyou Silica Gel Development, Inc., Yantai, China) and Sephadex LH-20 (25-100 mm, GE Healthcare Co., Ltd, Uppsala, Sweden). TLC (0.3-0.4 mm) was carried out with precoated silica gel plates (HSGF-254, Jiangyou Silica Gel Development, Inc.).
Fungal material and fermentation:
The plant endophytic fungus Pestalotiopsis coffeae was isolated from fishtail palm collected in xinglong (Hainan Province, China). A pair of primers ITS4 (5'-TCCTCCGCTTATTGATATGC-3') and ITS5 (5'-GGAAGTAAAAGTCGTAACAAGG-3') were used for PCR, and P. coffeae was identified by using fungal BLAST. It was assigned the accession number L483 in the culture collection at the College of Life Science, Key Laboratory of Medicinal Chemistry and Molecular Diagnosis of Ministry of Education, Hebei University. The fungal strain was cultured on slants of potato dextrose (PD) at 28ºC for 7 days, and then inoculated into a 500 mL Erlenmeyer flask containing 100 mL of PD medium (20.0 g of glucose, 200.0 g of potato (peeled), 3.0 g of KH 2 PO 4 , 1.5 g of MgSO 4 , 0.1 g of citric acid and 10.0 mg of thiamine hydrochloride, in 1 L of deionized H 2 O). The final pH of the medium was adjusted to 6.5 before sterilization. After 7 days of incubation at 28ºC on rotary shakers at 150 rpm, 25 mL of culture liquid were transferred as seed into a 500 mL Erlenmeyer flask containing 180.0 g rice medium, and the fermentation was carried out in an incubator for 35 days.
Extraction and isolation:
The fermented culture was extracted and concentrated four times with ethyl acetate (25 L), soaking for seven days every time. The extraction(208 g) mixed with silica gel (1:1) was subjected to silica gel column chromatography (CC), eluted . The structure was solved by direct methods with SHELXL-97 [15] and refined by full-matrix least-squares difference Fourier techniques. All non-H-atoms were refined with anisotropic displacement parameters, and all H-atoms were placed in idealized positions and refined as riding atoms with the relative isotropic parameters. Absorption corrections were applied with the Siemens area detector absorption program (SADABS) [16] . The 7922 measurements yielded 2599 independent reflections after equivalent data were averaged, and Lorentz and polarization corrections were applied. The final refinement gave R f = 0.0507 and R w = 0.1170 (I>2ó(I)). Crystallographic data for the structure of 2 has been deposited in the Cambridge Crystallographic Data Centre (deposition number: CCDC 1444910).
Supplementary data:
1 H NMR, 13 C NMR, and 2D spectral data of new compounds can be found in the online version.
